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Abstract 
High pressure water inflow has been identified as one of the most critical challenges in mining the world’s highest-grade uranium
deposit at McArthur River Operation, Cameco Corporation. The ore deposit is approximately 530 m below surface and adjacent to 
the water bearing Athabasca sandstone, graphitic, and highly altered ground. This paper summarizes the comprehensive 
geotechnical challenges and corresponding strategies that have been used over years to successfully develop and mine the deposit. 
These comprehensive ground control strategies have been proven to be efficient and satisfactory to the risk tolerance of the 
operation.
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1. Introduction 
The McArthur River Operation is an underground mine located in the eastern part of the Athabasca Basin, near Toby 
Lake, in Northern Saskatchewan, and approximately 620 air kilometres north of the Saskatoon, Canada. As the world's 
largest high-grade uranium mine, it has the proven and probable reserves of 335.5 million pounds U3O8 (Cameco's 
share - 234.2 million pounds) with an average ore grade of 20.7% U3O8 (about 100 times the world average) at 
December 31, 2010. Cameco is the operator of the mine with 70% ownership in partnership with AREVA Resources 
who own the remaining 30%. McArthur River Operation mines high grade uranium ore using a unique non-entry 
raisebore mining method. The mining activity is in proximity to high ground water pressures, and ground conditions 
varying substantially from excellent rock to wholly unconsolidated clays and gravels. The protection of workers, the 
environment and mining activities has been of the first priority in the design, development, and operation of the mine 
[1]. 
This paper introduces the geological features and mining method first, then presents the geotechnical challenges and 
summarizes corresponding strategies of ground support that have been employed for over ten years of successful 
mining operations. 
2. Mine geology and mining method 
The McArthur River uranium deposit is located in the south-eastern portion of the Athabasca Basin, within the south-
west part of the Churchill structural province of the Canadian Shield. The crystalline basement rocks underlying the 
deposit are members of the Aphebian Wollaston Domain, meta-sedimentary sequence. These rocks are overlain by flat 
lying sandstones and conglomerates of the Helikian Athabasca Group. These sediments are over 500 m thick in the 
deposit area. 
High grade uranium mineralization has been delineated from surface drilling over a strike length of 1,700 m, occurring 
at or close to an unconformity, which separates over-lying, horizontally bedded sandstones of the Athabasca Group 
from the basement rock located between 500 m to 640m below surface at McArthur River Operation. Underground 
exploration drilling programs have covered approximately 750 m of the 1,700 m strike length delineated from surface. 
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Ore widths are variable along strike but the most consistent, high grade mineralization occurs proximal to the main 
graphitic thrust fault around the “nose” of the up-thrust basement rock. Less consistent and generally lower grade 
mineralization occurs down dip along this fault contact between basement rock and sandstone. Locally the basement 
rocks include pelitic gneisses and significant quartzite units. Alteration is characterized by intense silicification of the 
sandstone with less intense clay alteration compared with other Athabasca deposits. The mineralization at McArthur 
River is associated with a northeast trending, southeast dipping zone of reverse faulting, along which the unconformity 
is displaced vertically 60 m to 80 m. Figure 1 shows a typical geology section of McArthur River Operation. 
Fig. 1. Typical Geological Section of McArthur River Operation 
Hydrogeologically, the brittle, flat lying sandstone has been well fractured by the tectonic forces of the thrust fault and 
these fractures are water bearing. Drawdown testing has demonstrated that the fracture patterns, along with water 
bearing joints and bedding planes are directly connected to the surface groundwater table. In order to prevent the high 
pressure and radon gas bearing water to enter mine, an artificial ground freezing method has been employed to form a 
frozen curtain between the water bearing sandstone and the ore body.  
Four distinct mineralized zones, identified as Zones 1, 2, 3 and 4, have been mining to date. Two additional Zones, A 
and B, are defined on the northern portion of the deposit and are indicated through surface drill holes only. Figure 2 
shows the isometric view of the underground operation. 
Fig. 2. Isometric view of the underground at McArthur River Operation 
To date, raisebore mining has been the uniquely mature mining method employed at McArthur River and is currently 
being used in Zone 2 and Zone 4. This method, as shown in Figure 3, is suitable for massive high-grade zones where 
there is access both above and below the ore zone. 
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Fig. 3. Raisebore mining method sketch 
A raisebore chamber is developed in waste above the ore zone and an extraction chamber is excavated in waste below 
the ore zone. A raisebore is set up in the top raisebore chamber and a standpipe is installed. Pilot drilling then begins 
and is drilled to breakthrough into the lower extraction chamber. Then a reamer is installed to ream through waste and 
into ore from the bottom up to the top of ore. Reaming stops at the end of the ore contact below the raisebore chamber. 
Raisebore cuttings fall down by gravity into the extraction chamber, and then are mucked remotely intermittently to 
ensure the raise does not become choked off.  All cuttings from production raises are scanned for ore grade estimates 
and delivered to the appropriate dump locations.  High-grade ore (over 2%) is processed through the underground 
grinding circuit and pumped to surface as slurry.  Low-grade ore (2% or less) is skipped to surface. Once the reamer 
and drill rods are removed from the raise, backfilling begins using concrete as backfill material in three stages (plug, 
second and final).  
Normally the Chambers are designed to accommodate two rows of raises. Both the raisebore and extraction chambers 
are backfilled with concrete after the two rows of raises are mined out. Then adjacent chambers are then excavated as 
replacement. This is referred to as “drift and fill”.  At peak production, there are five extraction chambers in various 
stages of the mining cycle. 
In addition to the raisebore mining method, boxhole boring and blasthole stoping methods are underway in testing and 
design phases, respectively. Figures 4(a) and 4(b) demonstrate the concept of boxhole boring and blast hole stoping. 
Fig.4(a). Boxhole boring mining method sketch 
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Fig. 4(b). Blasthole stoping method sketch
In the boxhole mining method, as shown in Figure 4(a), both the drill and extraction chambers for boxhole boring are 
located below the ore zone in waste rock. The drill chamber is located directly below the extraction chamber with a 
waste pillar between the levels. The boxhole drill (an inverted raisebore drill) is set up in the drill chamber. A pilot 
hole is collared and drilled to the extraction chamber above. The pilot hole is re-collared in the back of the extraction 
chamber. A muck chute is installed and piloting continues to the end of the design raise depth. The rods are then 
tripped out to the extraction chamber and a reamer with a stinger is installed. The face is sumped in waste until the 
muck chute can be closed. Reaming continues through waste and then into ore. Stabilizers are added to the drill string 
at fixed intervals to keep the drill rods centered in the open raise. The muck chute directs the cuttings away from the 
raise to permit mucking without hitting the drill string. Muck removal will follow similar practices currently in use for 
raisebore mining. Reaming stops when the end of the ore contact is reached. Completed raises will be filled with 
concrete: a concrete plug will be initially pumped from the extraction chamber; the second and final pours will be 
poured into the raise through backfill holes drilled into the raise from an upper level. 
In the blasthole mining method, as shown in Figure 4(b), chambers layout is similar to the raisebore mining method. A 
slot raise will be developed using normal raisebore mining methods. Production blast holes are drilled fanning out in 
multiple rows around the slot raise using blasthole drills. The fan holes are stopped at the bottom of the mineralization. 
Production holes around the slot raise are then loaded and blasted to the top of the mineralization. Inter-hole long 
delay blasting techniques are employed for the blasted ore to fall in the slot raise leading to the extraction chamber, 
where ore would be remotely mucked.  After mucking the blasted ore from the slot blast, the remaining production 
holes are loaded and blasted, and fragmented ore is mucked out from the extraction chamber. Similarly to raisebore 
mining, once all the blasted material from the “stope” has been mucked out of the extraction chamber, backfilling will 
be implemented in the three stages: plug, second and final pours using concrete.  The initial plug pour and the second 
pour are performed in the same fashion as raisebore mining but the final pour will be larger since it has to fill in the 
void left behind from blasting. 
3. Major Ground Control Challenges 
To establish the freezing walls for the subsequent mining operation, access drifts and freeze drifts have to be 
developed in or near areas of potential high-pressure radon gas bearing groundwater. The significant radiation hazards 
of high-grade ore and radon, present unique challenges atypical of traditional hard or soft rock mines. The prevention 
or reduction of radon-bearing water entering the underground openings is necessary to minimize the influence on 
worker health and safety; reduce disturbance on the water containment structures, reduce  and to reduce dewatering 
and ventilation requirements. Stable openings must be maintained at McArthur River for both the safety of the 
underground workers and to prevent ground failures that may lead to an uncontrolled water inflow.  
Typical techniques employed at McArthur River Operation include: 
• Limiting the size of openings; 
• Probing and grouting (P&G) at least 5 m beyond the stop line; 
• Installation of ground support in a timely manner; 
• Pre-ground-integrity treatment, such as 
– Pre-grouting if water encountered, 
– Ground-freezing, 
– Spilling; 
• Tight backfilling of mined out areas; 
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• Application of roadheader and raisebore to avoid over-disturbance typically caused by blast damage to 
nearby excavations. 
• Ground movement monitoring is widely used in the mine site. 
4. Ground Control Strategies 
At McArthur River, the ground control strategies have been developed and implemented to overcome those challenges 
throughout the mine planning, ground support design, and mine development stages. These comprehensive ground 
control strategies have been proven to be efficient and satisfactory to the risk tolerance of the operation. 
4.1 Rock Mass Classification 
Although Bieniawski’s Rock Mass Rating (RMR) system is widely accepted in the mining industry as rock mass 
classification tool, McArthur River employs the Ground Hazard Model (GHM).  The GHM rock mass classification 
has been used at McArthur River for years and the GHM value has been proven very well correlated to the real ground 
conditions.  This GHM system uses seven categories to classify geotechnical and hydrological hazards based on core 
logging and field mapping data, as shown in Table 1. A mine wide three-dimensional GHM model has been created in 
Vulcan modelling software and is totally integrated with the mine design model. 
Table 1 Ground hazard Model 
Numerical Value Color Comments 
<12.5 Very good ground. Minimal ground support required. 
12.5 – 15.0 Good ground with local tectonics and/or alteration. 
15.0 – 20.0 Generally altered and/or tectonized. Local failure. 
20.0 – 25.0 Altered and tectonized. Ongoing failure without support. 
25.0 – 30.0 Very poor ground. Cohesive clay, breccia, etc. 
30.0 – 35.0 Extremely poor ground. Fragmented clay, breccia, etc. 
>35.0 No strength at all. Running sand, clay, etc. 
4.2 Risk Classification and controls 
Underground development at McArthur River is classified into three categories: low, medium and high-risk 
development, as explained below. 
• Low Risk: Development is in good ground with medium to long unsupported stand-up times and a low risk of 
significant water intersection. Low risk development is advanced using conventional drilling and blasting 
methods. Bolting and screening support is generally sufficient to stabilize the ground. Secondary ground 
support such as shotcrete and/or cable bolts are installed if required. 
• Medium Risk: Development is in ground with short unsupported stand-up time and a low risk of a significant 
water interception. Medium risk development generally requires additional primary ground support above 
bolts and screen or modification to the excavation method.  This may include shorter development rounds, 
spiling, shotcrete or cable bolting before advancement, excavation using a roadheader, and as well potentially 
a two-pass development cycle. 
• High Risk: Any development that is within 15 meters of the unconformity without freeze protection or any 
development that is in very poor ground conditions with very short unsupported stand-up times. High-risk 
development generally requires pressure grouting or freeze coverage. Increased primary ground support 
above the standard bolt and screen pattern is usually required.  Pre-support such as spiling may be required. 
Modification to the excavation method may be required such as utilization of a roadheader or multi-pass 
development.  High Risk development may also require emergency contingency plans for an inflow scenario 
in the heading.  All high-risk development undergoes a formal risk assessment. 
Risk assessment includes five elements for evaluation: Health & Safety, Radiation Exposure, Environment, 
Operational/Financial, and Stakeholders. The assessment team takes the approach of focusing on hazards, unusual 
conditions and any new processes that are not part of the routine work at McArthur River. The risk assessment for 
each element will be evaluated according to the likelihood and consequence matrices developed at Cameco. Five 
categories of likelihood are: almost certain, likely, unlikely, highly unlikely, and extremely unlikely, while the five 
consequences evaluated are: insignificant, minor, moderate, major, and catastrophic. 
4.3 Ground Support Design 
The purpose of underground development is to satisfy the requirement of the mine production. During the planning 
stage of the mine development, usually there are several scenarios to fulfill the production needs. One of the key 
factors in making the final development plan is the ground control requirements. It is very important to balance the 
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support requirements of difficult ground conditions and desire for more convenient production methods. At McArthur 
River Operation, the ground hazard model has been used as preliminary geotechnical assessment tool. 
The design of underground excavations requires engineering decisions on such matters as the location, dimension, and 
profile of excavations and rock pillars, mining sequence, and the application of support systems [2]. Four design 
principles are followed: 
• Clarity of design objectives and functional requirements; 
• Minimum uncertainty of geological conditions; 
• Simplicity of design components; 
• State-of-the-art practices. 
At McArthur River, the standard ground support for a 5.0m wide by 5.5m high drift in fair ground condition includes 
bolting with 2.4m long #7 Dywidags on a 1.2m square pattern, screening with #6 gauge wire welded mesh tightened 
with 1.8m long split-sets as required. Additional ground support systems such as shotcrete, shotcrete arches, fiberglass 
lattice girders, cable bolts, Swellex, Super Swellex, Fiberglass injection bolts, and spiling are also available for varied 
ground conditions.  A ground support design table has been developed and used for years. The ground support design 
has been summarized into the flowchart as shown in Figure 5. Before starting the design work, the following 
information is collected: purpose of the opening, production dimension required, forecasted geological conditions, 
Ground Hazard Model (GHM) classification, Rock Mass Rating (RMR) system, and spatial relationship with adjacent 
openings. With the information available, the preliminary design is created by defining the dimension, profile, and 
ground support. An Unwedge [3] model is employed to verify the proposed ground support. For weak ground 
conditions, a combination of Empirical Drift Design and Numerical Modeling Approach is generally employed. If 
Standard Ground Support satisfies the safety requirements, the ground support instruction will be directly shown on 
the Driving Layout issued. Often when extra ground support is required, a separate drawing indicating the specific 
ground support pattern and instructions is issued in addition to the Driving Layout. The ground support system is 
modified after initial excavation according to the real ground conditions and the opening’s actual dimensions exposed. 
4.4 Implementation of the designed ground support 
Excavation practice can have a tremendous effect on the performance of the opening, especially in poor to very poor 
rock. While the designer may predict one behaviour; the miner experiences something different. This may depend on 
something missing in design or, more commonly, on the excavation practice [4]. The proper implementation of the 
designed ground support has been one of the key factors for successful ground control at McArthur River operation. 
This process includes the drilling and blasting, ground support installation, etc.  
Blast results are not only affected by the rock type, stress regime, structural geology and presence of water, but also 
the measures for minimizing blast damage that includes the proper choice of explosives. PrimaflexTM, RazorbackTM, 
the use of perimeter blasting techniques (designed drill pattern), decoupling charges, delay timing and buffer holes are 
commonly used. The geometry of the drilled holes affects the success of a wall control blast so holes pattern and 
alignment must be carefully controlled. At McArthur River, development is often within highly altered ground 
conditions. One of the key findings at McArthur River is that the jumbo drill operators must have the capability to 
adjust the drill hole design with regard to the ground conditions.  Figure 6 illustrates a blast result when driving 
through the graphitic shear zone. 
Proper application of ground support is another key issue to a successful ground control program. The chances of 
applying ground support to a smooth, well-contoured rock surface as planned in the design are very low. Minimum 
ground support standards have been introduced to bridge the design and the implementation to actual conditions 
experienced.  Minimum standards account for unforeseen geological structures and blast damage which results in 
uneven excavation surfaces.  A quality control program has been developed, which includes a variety of lab tests, field 
tests, and regular field visual inspections, to ensure effective ground support installation. Ground inspections after 
development advance may result in ground support materials or patterns being changed from the original design due 
unexpected or more adverse ground conditions. 
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Fig. 5. Ground Support Flowchart  
Fig. 6. Blast result when drifting through Graphitic Shear zone 
4.5 Maintenance of existing openings 
Maintaining the stability of the permanent underground openings is an important part of the ground control program.  
In addition to frequent visual ground inspections, instrumentation monitoring in sensitive areas comprises a very 
important role. Typical geomechanical instrumentations used at McArthur River are multiple point borehole 
extensometers (MPBXs), convergence stations, stress meters, and tilt beams. The following factors are considered in 
deciding when, where and what kind of instrumentation is required: 
• Risk level of the opening; 
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• Dimension and shape of the opening; 
• Spatial relation with adjacent opening(s); 
• Life span of service; 
• Purpose of the opening. 
Fig. 7. Drift and monitoring location 
A ground control data acquisition system - the SMARTRemote System which connects all MPBXs to the surface 
computer is in use at McArthur River. The system records data into central database every day and flags ground 
movement greater than a 0.5mm. The data is recorded, and a follow up ground inspection will be triggered.  All data is 
archived. 
Figure 8 is a MPBX plot, which illustrates the ground movements measured with the progress of the breakthrough at 
the intersection of two drifts: 8248N and 7310E (Figure 7). The effective span of the intersection is 12m after 
breakthrough, which was pre-supported with 8m long double strand cable bolts before breakthrough. Over a two week 
period, the back at this intersection subsided almost 15mm near the surface, and then stabilized thereafter. These 
results strongly support the design of preinstalled, deep support at the intersection and that the support system worked 
as expected. 
530ML Freeze Drift Back at the Intersection with 8248N R'Bore Chamber
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Fig. 8. Typical ground movement monitoring results 
5. Case example: Zone #4 Lower - 7300E freeze drift development 
The 530-7300E Freeze Drift will be required to isolate the Zone 4 Lower ore zone from the water bearing sandstone 
and to permit ore extraction utilizing the raisebore mining method in late 2013. The Athabasca unconformity overlies 
the development 10 m above the average back elevation.  Low-grade mineralization occurs within a few metres of the 
west wall, but is not interpreted to intersect the development (Figure 10).  
An existing freeze wall with a thickness of up to 8 metres has been in place in the west wall of the proposed 
development as part of a current production area.  It was put in place to reduce and eventually eliminate supplement 
water inflow both nuisance, and uncontrolled by reducing the available pathways in which water can enter the heading, 
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as shown in Figures 9 and 11. Multi-phase probe and grout covers had been utilized in this heading (Figure 13). Also 
relief holes had been drilled to the sill and into the back of the drift before excavation to reduce the potential for 
nuisance water to enter the drift and relieve the water pressure at the abutment of the drift.  
Because of the short distance to the P2 fault and the unconformity, the heading was categorized as high risk 
development (refer to Figure 9) base on a formal internal risk assessment. The risks associated with this development 
had been reasonably identified and mitigated to permit development to proceed although the risk level remained at 
medium-high with controls, as shown in Table 2. 
Fig. 9. 530-7300E Staged Developments 
Table 2. Risk assessment with full controls for 530-7300E 
LIKELIHOOD CONSEQUENCES LEVEL OF RISK. 
TYPE 
Select letter Select number Select level 
Health & Safety C 3 Medium
Radiation A 2 Medium-High
Environment N/A n/a n/a
Operational/Financial C 4 Medium-High 
Stakeholder C 4 Medium-High
Medium-HighOverall Risk Rating (highest risk rating from the 5 types) 
Fig. 10. Typical geological section of Zone 2 
The designed ground support system is shown in Figure 11. Spiling was used where ground condition required as a 
measure of pre-ground support. Primary ground support included 2.4m long #7 Dywidags on a 0.8m square pattern 
followed by #6-gauge galvanized wire weld mesh. Secondary support consisted of installation of 5.5m long bulge 
cables in back and walls on a 2.0m square pattern and the application of a minimum of 75mm shotcrete from sill to sill.  
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Fig. 11. Ground support profile 
The ground conditions were defined as fair to poor, based on the GHM section shown in Figure 12. The 530-7300E 
drift profile was designed and drifted as 6.8m × 6.5m (W×H) with arched corners. In order to mitigate the risk of 
excavation; the drift was driven with an AM-75 Roadheader.  
Fig. 12. Ground hazard model plotting along the drift [5] 
A site quality management system procedure was produced for the development in high-risk ground. The procedure 
clearly defined the development sequence, ground support, possible upset conditions, action plan, and responsibilities 
of all parties involved in the heading development. The practice has proved to work well. 
Convergence stations have been installed at a 10m interval. MPBXs have been installed in the back at all intersections 
to monitor the relative back movement either from subsequent development or subsequent production.  
Formal and informal communication between different parties has been carried out efficiently, which is considered 
one of the key components of the ground control program. 
Fig. 13. Pre-grouting longitudinal section view 
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Fig. 14. Major principal stress contour in the back and walls of 7300E [6]  
6. Conclusions 
Planning stages started with the gathering of geological, geotechnical, hydro-geological information, and the mining 
layout. Numerical modeling, empirical methodology, and risk assessment have also been used in the ground support 
design. In order to achieve the expected results, controlled blasting and high standards of quality control were enforced.  
The extensive use of frequent ground inspections and monitoring programs by engineering staff were implemented to 
ensure ground stability. The concept of secondary support has been widely accepted as a site standard. Ground 
freezing has been exceptionally useful; not only does it act as a ground stabilizing method, but also controls the inflow 
of radon-bearing water. Pre-grouting is part of the comprehensive water control system. These comprehensive ground 
control strategies have been proven to be efficient and satisfactory to the risk tolerance of the operation. 
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